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Early science museums were natural history museums or museums of machines and instruments that exhibited real objects in glass cases to the public, but with a clear mission to build up and conserve collections for scientific researchers.
In many modern science centers, real phenomena are offered for visitor interaction, but with an absence of real objects and a certain abuse of audiovisual and information technology resources.
Yet science seeks to understand reality, which is made up of both objects and phenomena. Objects are made of matter that takes up space, while phenomena are the changes experienced by objects, so that phenomena, above all, take up time.
To deliver reality to museum visitors, we need a museography with objects that are real but able to express themselves in a triply interactive way: manually ("hands on" in today's museum jargon), mentally ("minds on,") and culturally ("hearts on.") They are objects that tell stories and that talk to each other and to the visitor. They are objects with associated events, living objects, objects that change.
Thus, traditional museums have only objects and "interactive museums" have only phenomena and no objects. At CosmoCaixa in Barcelona, Spain, we have put into practice the idea of "total museology," which has both objects and phenomena "in conversation," along with metaphor and beauty.
A MUSEOGRAPHICAL LANGUAGE
Reality is an irreplaceable aspect of a museum, a must-have. I would go even further: a museum is concentrated reality. Perhaps this is the only thing that distinguishes museology from other forms of scientific communication. A lecture can be given without slides, diagrams, Visitors observe the arapaima (Arapaima gigas), also known as pirarucú or paiche, in the Flooded Forest exhibition at CosmoCaixa in Barcelona, Spain. Photo by Andreu Adrover
MUSEUMS IN 12 APHORISMS
In museums, we find the written word, the spoken word, algorithms, sounds, images, and simulations, but just one thing is specific and vital to the museographic language: reality.
1.
A museum is a meeting space dedicated to providing stimuli for knowledge, the methods used to acquire it, and the opinions that come from it.
2.
Reality is made up of objects that extend across space and of phenomena that occur across time.
3.
A museographic metaphor is a combination of objects and phenomena that is capable of making visible an invisible slice of reality.
4.
Museographic reality has various degrees: a fish swimming in the wild is more real than a fish swimming in an aquarium, which is more real than a fossilized fish, which is more real than a sculpted fish.
5.
A copy is 100% real . . . as a copy! 6. A museum piece is not reducible to any of its representations.
7.
Museums present reality, everything and everyone else (books, films, teachers, and so on) represent it.
8. Museographic language combines three classes of words: objects, phenomena, and metaphors (with all of their combinations).
9.
A screen replacing a slice of reality is an admission of museographic impotence.
Technology expires (its validity is measured in years);
reality does not expire (its validity is measured in millions of years).
The best stimulus for knowledge is a contradiction
between what one sees in reality and the understanding one has of it. A good museum does not avoid paradoxes; it seeks them.
12.
The language of museography is made up of stimuli, and a good museum, like a good forest, has such a wealth of stimuli that every visitor will find their own. or demonstrations, but a lecture cannot be given without using words. Silent films exist, but films without images do not, nor does radio without sound. In a museum, there is no ban on using simulations, models, graphic images, or new technologies, but they should be used only as accessories of reality, not to take its place. When they do, the error consists in taking language from other modes of communication and refusing to develop a language proper to the museology field. Reality, then, is the "museological word" in total museology.
Of course, many realities are not visible, because they are too small (atoms and molecules), too big (planet Earth), too far away (stars and galaxies), too slow (a tree growing), too fast (a soap bubble bursting), too transparent (a gas), too opaque (the human body), or too complex (the human mind). Therefore, the total museology language also includes the concept of museographic metaphor, namely, a way to help museum visitors visualize an invisible reality. The museographic "grammar" of reality and metaphor allows us to tell stories and provide scientific understanding with combinations of objects, metaphors, and phenomena.
Total museology is evident throughout CosmoCaixa. For example, in an exhibition called the Geology Wall, we display different rock specimens with cuts showing the internal structure of the rocks alongside hands-on experiments using different sizes and colors of sand grains showing the geological processes that generated the rocks. In the Flooded Forest, visitors can experience a reconstructed Brazilian Amazon jungle and observe, for instance, how different species swim using a convergent structure-webbed feet, which are shared by crocodiles, turtles, ducks, and capybaras. The forest is surrounded by interactive exhibits and collections objects that address the many phenomena naturally occurring inside the Flooded Forest, including the relationship between form and function, hydrodynamics, and the evolution of the tetrapod.
Another exhibit at CosmoCaixa applies total museology in three ways to make visible the invisible phenomenon of Brownian motion (the random motion of particles suspended in a liquid or gas, resulting from collisions with the molecules in the surrounding fluid). In this exhibit, we use (1) natural observation through a microscope, (2) a computer simulation (en.wikipedia.org/wiki/Brownian_motion#/media/ File:Brownian_motion_large.gif), and (3) a museographic metaphor in which a set of metal balls move in a deterministic fashion and collide with a red disk on a frictionless surface, causing the disk to move according to Brownian motion.
We are also testing a new idea, that of the museum-observatory, at both CosmoCaixa and a future museum, the Forest Museum at Sant Celoni, Barcelona, where I serve as the museographic conceptor. CosmoCaixa is partially sponsoring the conception and design of this museum, which is set to open in late 2016. A museum-observatory aims to foster knowledge and appreciation of a specific natural area by combining the concept of total museology with architectural design. For example, at the Forest Museum, the building will be integrated into the natural surroundings and topography of the land. One exhibition will be an open-air pond with live animals and plants. Visitors will be able to observe the pond from inside the museum, from different points of view: from above, from ground level, from underwater, through microscopes, and even from underground (to view a cross-section of the pond sediments). Throughout this natural landscape, a variety of interactive experiments will help to explain such concepts as surface tension, buoyancy, capillarity, radiation, and photosynthesis. Successful development of the museum-observatory idea requires, from the very beginning, a good understanding between the museum professionals who design the content and the architects who design the building and other structures.
The Geology Wall at CosmoCaixa presents different rock specimens along with interactive exhibits showing the geological processes that formed the rocks. Photo by Ronald Stallard
The Forest Museum at Sant Celoni, Barcelona, will serve as a "museum-observatory, " allowing visitors to observe a pond from several different points of view. Image by Hernán Crespo Visitor numbers should concern us, espe cially if there are none, or very few, but they give no idea of change in the audi ence. What matters is whether a museum stimulates people to read books, to ask questions, to make different choices, and above all, to have conversations. 
THE NEED FOR REALITY
What do museums do better than any other system? Museums have the ability to create a difference for visitors between before and after, and using total museology is the ideal way to achieve this difference. The museum is irreplaceable in the most important stage of the cognitive process: the beginning. This is when people move from indifference to wanting to learn, and there's nothing like reality to provide the stimulus. Reality stimulates more than any of its representations, such as videos, books, models, images, and words.
Here we reach the colossal contradiction that marks our times: humankind has conquered the world with scientific knowledge but lacks a stimulus to consolidate it. We have a very serious problem, even in the most highly developed societies. All votes have the same value in a democracy, and yet science, which is the form of knowledge most relevant to the decisions on issues that affect our lives (e.g., energy, hygiene, health, the ethics of science, the environment, and technology) is outside the sphere of interest of the great majority of people. A science museum using reality in its museographical language is particularly suited to influence this point.
EVALUATING SUCCESS
How do we evaluate whether exhibitions really provide visitors with a stimulus to grasp scientific knowledge, the scientific method, and scientific opinion? Museums usually strive to show off their visitor numbers. This is a bad habit. Visitor numbers should concern us, especially if there are none, or very few, but they give no idea of change in the audience. What matters is whether a museum stimulates people to read books, to ask questions, to make different choices, and above all, to have conversations. At CosmoCaixa, we have informally observed that a museum using reality in its museographical language creates a special atmosphere of credibility among museum visitors, just the atmosphere we need to generate conversations and host interdisciplinary discussions on crucial topics such as energy, pollution, biodiversity, and conservation. However, a systematic study is still to be done. I will be including such a study in a new project to develop a museum in Barcelona devoted to both art and science using some of the treasures from the State Hermitage Museum in St. Petersburg, Russia.
Total museology is already in the air as a tendency in today's science museums with exhibits increasingly offering original pieces and also becoming more and more interactive. To consolidate these tendencies, I suggest that museums strive to provide visitors with an understanding of science through the reality delivered by total museology. Barcelona, Spain. He created and, until 2014, directed 
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